Urothelial carcinomas (UCs) rank the fourth most common malignancies and can occur in the lower and upper urinary tract[@b1][@b2]. While bladder cancer (BCa) accounts for 95% of UCs, upper tract UCs (UTUCs) are uncommon and take up 5-10% of UCs[@b1][@b2][@b3][@b4]. Unlike the natural history of bladder cancer, 60% of UTUCs are invasive, whilst only 15--20% of bladder tumors are invasive[@b5][@b6]. Due to the lack of effective approaches for early detection and its aggressive nature, the prognosis of UTUCs is usually very poor with \<50% of cancer specific survival for pT2/pT3 tumors and \<10% for pT4 tumors[@b7][@b8]. Discovery and development of disease markers for UTUCs are therefore potentially beneficial for patients with UTUC. Thus far, there have been several studies investigating tissue-based markers and their prognostic impact[@b9][@b10][@b11][@b12][@b13]. Nonetheless, due to the rarity of the disease, these studies are generally limited by the small sample size. To date, none of the current studies fulfills the clinical and statistical criteria to support daily clinical practice[@b14].

Expressions of p53 and Ki67 are commonly used enzyme labels for urothelial malignancy. P53 is a key tumor suppressor gene involved in the maintenance of genomic stability, response to genotoxic stress, and activation of cell cycle apoptosis. Some studies have shown correlations between p53 and tumor stage and grade in urothelial bladder cancer[@b15][@b16]. Likewise, the role of Ki67 in urothelial bladder cancer has been well studied. Ki67 is expressed at G1, S, G2 and M stages of the cell cycle, and is an indicator of cell proliferation and a measure of cell growth fraction[@b17]. Proliferative activity of tumors determined by Ki67 labeling index has been found to correlate with aggressive behavior in bladder cancer[@b18][@b19]. Recently, a study reported the molecular similarity of UTUC and BC regarding cell cycle and proliferative tissue markers and suggested the extrapolation of the markers in UTUC[@b20].

Taking limitations from previous studies into account, we decide to conduct the current study with a relatively larger sample size, using daily and commonly accessible clinicopathological markers, and to investigate their contribution to predict prognosis and metachronous bladder tumor. These markers could, at the very least help designate individualized and closer follow-ups for marker-positive patients.

Results
=======

Population characteristics
--------------------------

In our cohort, there were 59 males (67.05%) and 29 females (32.95%). The average age of the patients was 65.02 years old (40 to 83 years). There were 31 specimens (35.23%) graded as low-grade carcinomas and 57 specimens (64.77%) graded as high-grade carcinomas. There were 36 cases (40.91%) staged as pTa, 14 cases (15.91%) staged as pT1, 16 cases (18.18%) as pT2 and 22 cases (25%) as pT3--pT4. There were 39 patients (44.32%) with renal pelvic tumors and 39 patients (44.32%) with ureteral tumors. The remaining 10 cases (11.36%) had multiple tumors at pelvic and ureter. There were 14 patients (15.91%) with multifocal tumors of upper urinary tract. There were 36 cases with right-sided UTUC, and the remaining 52 cases were left-sided. There were 9 patients (10.23%) with concomitant bladder cancer at diagnosis. In addition, 16 patients (18.18%) have ipsilateral non-functioning kidney at the time of diagnosis with UTUC and there were 64 patients (72.73%) with gross hematuria at diagnosis.

p53 and Ki67 expression in relation to clinicopathological parameters
---------------------------------------------------------------------

Expressions of Ki67 and p53 were demonstrated in [Figure 1](#f1){ref-type="fig"} and summarized in [Table 1](#t1){ref-type="table"}. Ki67 expression was elevated with the progression of tumor grade (P = 0.002) but not stage. Ki67 expression was also significantly higher in female (P = 0.018). In addition, patients with multifocal tumors and ipsilateral non-functioning kidney had elevated Ki67 expression close to statistical significance. P53 expression was significantly higher in patients with right-sided UTUC.

Cancer-specific survival
------------------------

The mean follow-up was 28.59 months (2 to 82 mo). As of Jan 2013, 73 patients (82.95%) were still alive at the last follow-up with a median follow-up of 28.99 months (2 to 82 mo). Fifteen patients died of UTUC during follow-up, with a median follow-up of 26.50 months (4--69 mo). Multivariate Cox proportional hazards regression analyses were performed, adjusted for gender, gross hematuria, tumor stage, tumor grade, tumor side, tumor location, tumor number, concomitant BCa, non-function kidney, and expressions of p53 and Ki67 ([Table 2](#t2){ref-type="table"}). A history of gross hematuria (present vs. absent, RR 0.060, 95%CI 0.008--0.468), tumor stage and tumor location (ureter vs. renal pelvic, RR 0.037, 95%CI 0.004--0.378) and p53 expression were significant risk factors for cancer-specific survival. Positive correlations were observed between cancer-specific death and tumor stage as well as with p53 expression ([Figure 2](#f2){ref-type="fig"}).

Metachronous bladder urothelial carcinoma
-----------------------------------------

Follow-up data from 85 cases of UTUC undergoing RNU were involved, 3 cases were excluded because of synchronous cystectomy. As of Jan 2013, intravesical recurrence of bladder cancer occurred in 17 patients (20%) at the last follow-up with a median follow-up of 37.65 months (5 to 82 mo). Fifteen cases (88.24%) with BCa were NMIBC while 2 of them were MIBC. We also performed multivariate Cox proportional hazards regression analyses adjusted for gender, gross hematuria, tumor stage, tumor grade, tumor side, tumor location, tumor number, concomitant BCa, non-function kidney, prophylactic chemotherapy and expression of p53 and Ki67 ([Table 3](#t3){ref-type="table"}). Tumor grade (low grade vs. high grade, RR 5.998, 95%CI 1.359--26.479) and non-functioning kidney (present vs. absent, RR 5.982, 95%CI 1.338--26.750) were significant risk factors for metachronous BCa ([Figure 3](#f3){ref-type="fig"}).

Discussion
==========

In the combat against UTUC, predicative markers for prognosis and recurrence are of great importance. Recently, several nomograms for post-RNU recurrence and survival have been published[@b27][@b28][@b29][@b30]. One study using the Surveillance Epidemiology and End Results (SEER) database reveals that age, pathological stage (worse prognosis conferred by \>T2), nodal status, and grade predicts cancer specific survival[@b28]. Other studies incorporate pathological parameters into the prognostic models together with lymphovascular invasion (LVI), tumor necrosis and architecture emerging as strong prognosticators[@b30][@b31]. More recently, a study looking into the predicative value of immunohistochemical staining scores of commonly used markers in UTUCs appears promising[@b32]. They have included Cyclin E, p53, p21, Ki67 and p27, and have categorized them as favorable and unfavorable scores, the latter of which is associated with LVI, tumor necrosis, and worsened prognosis.

In the current study, we have included relatively large sample size and have investigated various clinicopathological parameters in a multivariate model. In line with previous reports, we find that Ki67 labeling index is associated with advanced tumor grade[@b33][@b34]. Nonetheless, we did not observe an association between Ki67 and tumor stage, which disagrees with other reports. We have not either obtained any association between p53 expression and tumor stage or grade, which once again supports the equivocal role of p53 in UTUC[@b35]. More importantly, we have investigated their predictive values for cancer-specific survival and have found 4 significant indicators after adjustment. Presence of gross hematuria is related to better survival, possibly because that a precursor symptom leads to immediate diagnosis and treatment, as delayed treatments are usually accompanied by worsened outcome in bladder cancer patients requiring radical cystectomy[@b36]. Nonetheless, there are also reports claiming that time to surgery in UTUC does not affect outcome and prognosis[@b37]. We assume that presence of hematuria may represent a very early stage of the tumor in which time to surgery plays a critical role. Next, we have found that tumors located in renal pelvis conferred better prognosis than ureteral tumors, which has also been validated in a series of studies[@b14]. Also, pathological staging has been proven to be an independent prognostic factor in our study, a result that is substantially concrete[@b14]. As aforementioned, the prognostic value of p53 remains controversial[@b38][@b39]. In our series, however, p53 shows a statistically significant association with worsened survival. Nonetheless, tumors with medium p53 score (score 1, [Figure 2D](#f2){ref-type="fig"}) confer the worst prognosis, which does not seem to be biologically reasonable and leaves an important predicament that warrants further studies.

We have also investigated the metachronous BCa following RNU in the current study. As local recurrence is rare in RNU, the recurrence rate within bladder is not considered as distant metastasis and ranges from 22% to 47%[@b40][@b41]. Therefore, stringent follow-ups for bladder recurrence are mandatory in all UTUC patients. In our cohort, the recurrence rate reached a little bit lower than reports. However, partially consistent with previous studies that tumor grade is associated with bladder cancer, we have not observed an association between tumor location and bladder recurrence[@b42]. Some scholars indicate that previous history BCa is the only independent predicative factor for bladder recurrence[@b41]. Interestingly, we have found that ipsilateral non-functioning kidney at diagnosis conferred to higher recurrence rate after adjustment to various tumor and clinical parameters. We assume that renal functioning is usually compromised by ureteral carcinoma, which is per se more aggressive than tumors located in renal pelvis or calyces. Moreover, the endogenous subtype of UTUC contributes to a higher odds of seeding in the bladder.

Last but not least, our study has limitations. The sample size, though relatively larger amongst all literature, is still small, limiting the ability to distinguish outcomes further stratified. Further, we lack the nodal and LVI information of the tumor, which are critical prognosticators. More importantly, the retrospective nature of our study renders some of the results biased. For instance, over the long period of time span, the inequity of treatment regimes may bias the outcome. Furthermore, some of our statistically significant results remain hard to explain or interpret. This brings about a broader dispute that whether a P value of \<0.05 really confers watershed biological significance. Therefore in our study, we aim to make use of the most commonly used parameters to tease out additional predictive merits so that we may individualize better follow-up and treatment regimes for specific UTUC patients.

Methods
=======

General information
-------------------

A total of 88 patients with UTUCs who underwent surgery between Dec 2005 and Jan 2013 at Huashan Hospital were included in this study. All patients were confirmed with urothelial malignancy pathologically. All specimens were acquired from radical neprhoureterectomy (RNU). All sections were reviewed independently by two pathologists without knowledge of patient profile. The tumors were graded in accordance with the World Health Organization (WHO)/International Society of Urological Pathology (ISUP) (2004)[@b21]. Tumor stage was determined according to the Union for International Cancer Control (UICC) 2009 TNM classification for urothelial cell carcinoma of the upper urinary tract. Nodal and metastatic profiles were not included in this study due to incomplete clinical history[@b22]. As for heterogeneity conditions, lesions that involved two grades or stages were classified according to the higher ones identified in the specimen[@b19]. Tumor location was defined as either renal pelvic or ureteral[@b23]. Tumor multifocality was defined as the synchronous presence of two or more pathologically confirmed tumors in any location of upper urinary tract[@b24]. Ipsilateral non-functioning kidney was defined as unilateral kidney glomerular filtration rate (GFR) less than 10 ml/min, which was calculated by SPECT/CT, based on 99mTc-DTPA detection.

Immunohistochemistry
--------------------

Formalin-fixed, paraffin-embedded tissue was cut into 4 μm sections and mounted on polylysine-coated glass slides. Endogenous peroxidase activity was blocked by 3% hydrogen peroxide for 15 min. Before further processing, heat-mediated antigen retrieval was performed by boiling the slides in 0.01 M citrate buffer, pH 6.0, for 20 min in microwave oven. The primary antibodies were diluted, including anti-p53 (clone1B10, Novocastra, Newcastle, UK) at 1:50, and anti-Ki67 (clone MM1, Novocastra, Newcastle, UK) at 1:100. The slides were stained immunohistochemically using the avidin-biotin-complex method for both antibodies. Finally, the slides were dehydrated through graded alcohols to xylene and mounted in mounting medium. For positive controls, we used colon carcinoma for Ki67 and p53. For negative controls, we omitted all primary antibodies.

Assessment of Ki67 and TP53 staining and scoring
------------------------------------------------

Staining and scoring protocols for p53 and Ki67 were previously described ([Figure 1](#f1){ref-type="fig"})[@b19][@b25][@b26]. The percentage of Ki67 positive cells was visually counted and the Ki67 value was scored by labeling index. For p53, a semi-quantitative method was used. Each slide was given a value composed of the sum of staining intensity and extensity. The value was scored semi-quantitatively as: 0 for negative, 1 for mild, 2 for moderate, and 3 for strong.

Treatment of UTUC and patients follow-up
----------------------------------------

There were 55 patients with UTUC undergoing open RNU with bladder cuff excision. Twenty-five patients underwent laparoscopic RNU and bladder cuff excision. There were 2 patients undergoing transurethral resection of bladder tumor (TURBt) preoperatively due to concomitant non-invasive bladder cancer (NMIBC). Three patients underwent RNU and radical cystectomy synchronously because of the pathologically confirmed concomitant muscle invasive bladder cancer (MIBC). Adjuvant cisplatin-based systemic chemotherapy was routinely administrated in patients with pT3 or pT4 diseases postoperatively. However, 31.0% of patients had to cease systemic chemotherapy due to poor tolerability. Fifty-five patients (64.71%) received prophylactic intravesical instillation postoperatively with pirarubicin post-operatively. The prophylactic instillation was according to the following regime: weekly administration for 8 weeks, followed by monthly administration for 6 to 12 months.

Patient follow-up after RNU mainly consisted of routine physical examinations, medical imaging examinations and cystoscopy, etc. Cystoscopy was performed in bladder-preserved patients every 3 months during the first year, every 6 months during the second year and once a year from the third year onwards. Medical imaging examinations, which included ultrasonography examinations, enhanced computerized tomography scans (CT) or positron emission tomography/computed tomography scans (PET/CT) were performed in all patients every 6 months until 5 years post-operatively and annually thereafter. All patients were followed retrospectively both through hospital records and by telephone interviews, either to the patients or their close relatives. Informed consents were obtained from all patients and the study was approved by the Huashan institutional review board (HIRB).

Statistical analysis
--------------------

The SPSS 17.0 for Windows was used for statistical analyses. All data were presented as mean ± standard deviation (SD). The Student\'s t-test was applied to compare scores of Ki67 and p53 between 2 groups, whilst analysis of variance (ANOVA) was used for comparisons in more than 2 groups. Multivariate Cox proportional regression analysis was performed to determine the independent contribution of clinicopathological factors to cancer specific survival (CSS) and intravesical recurrence-free rates. The end-point variables of interest were cancer specific deaths and intravesical tumor recurrences, respectively. These hazards were estimated with their 95% confidence interval. P value of \<0.05 was considered statistically significant.
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###### Expressions of Ki67 and p53 in UTUC (Mean ± standard deviation)

                                                  Ki67            p53
  ------------------------ ---------------- ---------------- -------------
  Gender                        *Male*       19.71 ± 19.90%   1.08 ± 0.79
                               *female*      31.34 ± 23.93%   1.21 ± 0.94
                                 *P*             0.018           0.525
  Pathologic stage               *Ta*        17.94 ± 17.16%   0.86 ± 0.64
                                 *T1*        23.79 ± 22.25%   1.50 ± 0.94
                                 *T2*        27.88 ± 21.05%   1.31 ± 1.14
                               *T3--T4*      29.41 ± 27.67%   1.18 ± 0.73
                                 *P*             0.207           0.74
  Grade                         *Low*        14.84 ± 14.81%   1.06 ± 0.57
                                *High*       28.28 ± 23.69%   1.16 ± 0.96
                                 *P*             0.002           0.570
  Tumor side                    *Left*       21.69 ± 21.47%   0.92 ± 0.68
                               *Right*       26.22 ± 22.48%   1.42 ± 0.97
                                 *P*             0.343           0.011
  Tumor location               *Ureter*      27.31 ± 23.82%   1.31 ± 0.95
                            *Renal Pelvis*   20.55 ± 19.94%   0.98 ± 0.72
                                 *P*             0.151           0.079
  Tumor number                *Unifocal*     21.65 ± 20.80%   1.16 ± 0.84
                             *Multifocal*    33.57 ± 25.38%   0.93 ± 0.83
                                 *P*             0.061           0.344
  Concomitant BCa              *Absent*      24.19 ± 21.57%   1.10 ± 0.86
                              *Present*      17.89 ± 25.05%   1.33 ± 0.71
                                 *P*             0.416           0.436
  Gross hematuria              *Absent*      22.46 ± 19.92%   1.17 ± 0.87
                              *Present*      23.95 ± 22.70%   1.11 ± 0.84
                                 *P*             0.777           0.778
  Non-functioning kidney       *Absent*      21.49 ± 20.02%   1.12 ± 0.82
                              *Present*      32.81 ± 27.69%   1.12 ± 0.96
                                 *P*             0.061           1.000

###### Contribution of clinicopathological parameters to cancer specific survival of UTUC

                                                         RR          95%CI        P value
  ------------------------ -------------------------- --------- ---------------- ---------
  Gender                        *(female/male)*         0.496     0.065--3.805     0.500
  Gross hematurial             *(absent/present)*       0.060     0.008--0.468     0.007
  Tumor stage                                                                      0.013
                                      *Ta*                1            \-           \-
                                      *T1*              0.000        0.000         0.960
                                      *T2*              0.121     0.007--1.972     0.138
                                    *T3--T4*            8.620    1.125--66.067     0.038
  Tumor Grade               *(low grade/high grade)*    7.143    0.913--55.866     0.061
  Tumor side                     *(left/right)*         1.116     0.198--6.291     0.901
  Tumor location            *(ureter/renal pelvic)*     0.037     0.004--0.378     0.006
  Tumor number              *(unifocal/multifocal)*    35.872    0.468--2.747E3    0.106
  Concomitant BCa              *(absent/present)*       0.622     0.045--8.668     0.724
  Non-functioning kidney       *(absent/present)*       6.749    0.849--53.635     0.071
  p53                                                                              0.025
                                      *0*                 1            \-           \-
                                      *1*              2.892E3   4.571--1.830E6    0.015
                                      *2*              25.667    0.046--1.444E4    0.315
                                      *3*              720.642   0.637--8.157E5    0.067
  Ki67                          *(\<20%/\>20%)*         1.288     0.223--7.425     0.777

###### Contribution of clinicopathological parameters to intravesical recurrence of UTUC

                                                            RR           95%CI        P value
  --------------------------- -------------------------- --------- ----------------- ---------
  Gender                           *(female/male)*         1.129     0.335--3.802      0.845
  Gross hematuria                 *(absent/present)*       1.557     0.322--7.525      0.582
  Tumor stage                                                                          0.934
                                         *Ta*                1            \-            \-
                                         *T1*              0.482     0.043--5.382      0.553
                                         *T2*              1.176     0.233--5.936      0.845
                                       *T3--T4*            0.843     0.139--5.104      0.853
  Tumor Grade                  *(low grade/high grade)*    5.998     1.359--26.479     0.018
  Tumor side                        *(left/right)*         1.500     0.393--5.717      0.553
  Tumor location               *(ureter/renal pelvic)*    131.821   0.000--2.745E90    0.962
  Tumor number                 *(unifocal/multifocal)*     0.017    0.000--3.632E86    0.969
  Concomitant BCa                 *(absent/present)*       2.844     0.416--19.432     0.287
  Non-functioning kidney          *(absent/present)*       5.982     1.338--26.750     0.019
  Intravesical chemotherapy           *(yes/no)*           3.531     0.638--19.548     0.148
  p53                                                                                  0.466
                                         *0*                 1            \-            \-
                                         *1*               0.565     0.120--2.673      0.472
                                         *2*               0.571     0.067--4.844      0.608
                                         *3*               0.117     0.008--1.652      0.112
  Ki67                             *(\<20%/\>20%)*         0.501     0.110--2.277      0.371
